Background The pneumatic tube system (PTS) has been implicated in inducing haemolysis. It is not known whether certain sample types are more susceptible to haemolysis than others. We assessed the level of haemolysis in commonly used sample types in the clinical biochemistry department when transported through the PTS.
Introduction
The pneumatic tube system (PTS) provides a rapid mode of sample transportation. Its use is therefore increasing as a consequence of the expanding workloads and rapid turn-around times that are required in most hospitals. Here we wish to report the incidence of haemolysis in di¡erent sample types when sent through our hospital PTS. There have been anecdotal observations that samples received using the PTS may be prone to haemolysis; however, to date, we are not aware of any study directly investigating this. We therefore investigated the incidence and level of haemolysis across the main sample types used in our clinical biochemistry laboratory.
Methods

Pneumatic tube system
The PTS is an Atlas system with a standard Taurus send and receive unit (Quirepace, Gosport, UK). There are 33 stations distributed over 12 £oors (maximum drop of about 36 m) and three buildings. From the furthest point, there are a maximum of three accelerations and three decelerations and the worst bend is at 908. Carriers are 86 mm in diameter and 250 mm in length and travel at an average velocity of 5 m/s. Currently the system is geared for 90 transactions per hour, although it is capable of 230. On arrival at a station, the carriers are decelerated by a soft air cushion and dropped gently into a receiving bin.
Sample collection
We obtained duplicate samples from consenting patients for each of the following sample types: plain serum (16 mm in diameter; 92 mm in length; 9.0 mL volume), serum-gel (16 mm; 92 mm; 9.0 mL), serumgel (13 mm; 90 mm; 4.9 mL), lithium^heparin plasma (16 mm; 92 mm; 9.0 mL), K^EDTA (13 mm; 90 mm; 4.9 mL) and £uoride^EDTA plasma (13 mm; 65 mm; 2.6 mL), all of which were S-Monovette brands Original Article (Sarstedt, Leicester, UK) . In all cases, the same group of patients were bled.
Blood was obtained using the S-Monovette (Sarstedt, Leicester, UK) blood collection system. In all cases, a standard needle was used (0.8 mm in diameter and 38 mm in length).
One set was sent to our laboratory from the furthest point in our hospital via the PTS, and a porter delivered the other set. The order of blood collection for samples to be sent via PTS or the porter was randomized and all tubes were ¢lled to capacity. All samples were collected by phlebotomists and sent to the laboratory via PTS or porter in one batch within approximately 1h of collection. According to the manufacturer, 1h was considered su¤cient clotting time for the nonanticoagulated samples.
To assess the e¡ect of size, serum-gel tubes of length 16 mm and 13 mm were included. Their haemolysis indices were compared both when sent via the PTS and when delivered by a porter.
Laboratory analyses
In the laboratory, all sample pairs were centrifuged in the same batch and the haemolysis index of each sample was determined using the Roche P-module (Lewes, East Sussex, UK). Haemolysis was indicated if the index was more than 31. This is the threshold level optimized for our laboratory above which there is visible haemolysis, and analytes a¡ected by haemolysis are therefore not measured. 1, 2 
Statistical analysis
Following logarithmic transformation, the data were normally distributed. Statistical analysis of the transformed data was by one-wayANOVA. Paired t-test was used to compare haemolysis in PTS-versus porterdelivered samples. Unequal variance t-test was used to assess the e¡ect of tube size. Results are given as pretransformed data expressed as median values (95% con¢dence intervals). Statistical signi¢cance was considered if P50.05. Figure 1 shows the median level of haemolysis observed in the di¡erent sample types in use at our hospital. As shown, plain serum samples (A) were most liable to haemolyse and exceed the haemolysis threshold compared with the other sample types (Fˆ23.82; dfˆ11; P50.0001). Plain serum samples were also more likely to haemolyse when sent via the PTS (A) compared to those sent by the porter (B) (tˆ12.00; dfˆ16; P50.0001, see Table 1 ). Signi¢cant di¡erences in haemolysis indices between PTS-and porter-delivered samples were also observed in 13 mm serum-gel, K^EDTA and £uorideÊ DTA tubes (see Table 1 ). However, these did not exceed the haemolysis threshold (see Fig. 1 ).
Results
The e¡ect of tube size was also investigated. Signi¢cant di¡erences were seen in haemolysis index between 16 mm serum-gel and 13 mm serum-gel when sent via PTS (tˆ72.279; dfˆ10; Pˆ0.046) and when sent via porter (tˆ72.918; dfˆ13; Pˆ0.013). For samples sent via the PTS, the 16-mm and 13-mm tubes had median haemolysis indices of 5 and 10, respectively. For samples delivered by a porter, the median haemolysis indices were 4 and 6, respectively. Thus, susceptibility to haemolysis is attributable to both sample type and size.
Discussion
Haemolysis is de¢ned as the release of intracellular components of erythrocytes and other blood cells into the extracellular space of blood. 2 Thus, it invalidates the measurement of tests such as potassium, magnesium, phosphate, lactate dehydrogenase and aspartate aminotransferase. It was the aim of this study to determine the level of haemolysis that occurred in various sample types in use at our hospital when sent through the PTS.
The majority of routine samples at our hospital are collected into lithium^heparin tubes, in which haemolysis is not a recurring problem. Troponin T analysis preferably requires the use of a serum sample. Recently, Roche have issued a product alert (March 2003) regarding the interference of haemolysis in the analysis of troponin T. In view of the apparent increased incidence of haemolysis in plain serum samples we have observed in our laboratory and the e¡ect of haemolysis on troponins, 3, 4 we have now replaced the plain serum sample type with serum-gel tubes for troponin T tests.
The observation of haemolysis exceeding our threshold level in plain serum tubes and not in serumgel tubes suggests that the gel might have a protective e¡ect. Overall, plain serum tubes tended to have a higher haemolysis index compared with other sample types. How the gel confers this protection against haemolysis remains to be determined.
To the best of our knowledge, no study has speci¢cally examined whether certain sample types are prone to haemolyse when sent via the PTS. In a study by Keshgegian and Bull, 5 serum and EDTA tubes were used for biochemistry and haematology tests, respectively, and the e¡ect of PTS transport on various analytes was assessed. By comparing the mean values of various analytes sent by PTS or porter, it was shown that there was no signi¢cant di¡erence between the two. The authors concluded that PTS produced no signi¢cant e¡ects on analytical results. However, their study did not determine the level of haemolysis in their samples; nor was it their aim to do so.
When is haemolysis a true problem? It is important to ascertain at what level haemolysis causes an analytical interference. Hawkins 1 has reported that there is a great discrepancy between the visual and spectrophotometric assessment of sample haemolysis. Visual assessment is highly subjective; however, even with spectrophotometric assessment, at what haemolysis index can one have the greatest certainty that there is no interference? In our laboratory, we use the cut-o¡ level 31 that approximately equates to 75 mg/dL of haemoglobin. Clearly, this cut-o¡ may or may not be applicable to di¡erent laboratories even when using similar instrumentation. We suggest that all laboratories should assess haemolysis spectrophotometrically and determine local cut-o¡s using the method of Glick et al. 6 Regarding tube size, we have shown that there was a signi¢cant di¡erence between 16 mm and 13 mm serum-gel tubes for both PTS-and porter-delivered samples. However, their indices did not exceed our cut-o¡ level (see Fig. 1 ). Thus, although there is an apparent di¡erence in haemolysis index attributable to tube size, it was not large enough to warrant any corrective measure. The characterization of haemolysis is obviously a complex issue and depends on the interplay of many factors.
Since di¡erent laboratories may have di¡erent system con¢gurations and use di¡erent sample types, we suggest that they should investigate their systems to assess the level of haemolysis that may occur in the sample types they use. This can prevent the use of sample types that for one reason or another are susceptible to haemolysis and consequently reduce the frequent need to request repeat tests from the wards or from clinicians. This in turn can facilitate improved turnaround times and sample throughput.
Close attention to the design of the PTS is necessary to prevent haemolysis of the specimen. The avoidance of sudden accelerations and decelerations and the reduction of the carrier velocity might remedy this problem. If this is not possible, the use of padded liners or packing material inside the carrier may help. 7 Here we have shown that tubes with gel can o¡er some protection, by an unknown mechanism.
Conclusion
In conclusion, we stress that all laboratories should investigate their sample types for susceptibility to haemolysis when sent through the PTS and take corrective measures to reduce it.
